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Chapter 1 
Introduction 
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Dendritic cells (DCs) were first identified in the peripheral lymphoid 
organs of mice (Steinman & Cohn, 1973), specializing in antigen uptake and 
processing as an antigen-presenting cell (APC). They express higher levels 
of major histocompatibility complex (MHC) class II and accessory molecules 
on their surface than other professional APCs. DCs also play an important 
role in the innate and adaptive immune response (Banchereau & Steinman, 
1998). It was known that once a mature DC presented antigen to T cells, in 
the context of co-stimulatory molecules and cytokines, the net result was 
induction of T cell activation and proliferation. It also indicates that a mature 
DC phenotype is required for the induction and maintenance of tolerance 
(Joffre et al., 2009; Akbari et al., 2001). The phenotypic and functional 
characterizations of peripheral blood DCs in the human have been described 
in several studies (Thomas et al., 1993; Odoherty et al., 1994; MacDonald et 
al., 2002). However, the phenotype and function of peripheral blood DCs in 
cattle remain poorly understood.  
Peripheral blood DCs have been divided into two main subsets:  
conventional DC (cDC) and plasmacytoid DC (pDC). cDC are known to 
efficient naive T cell stimulators by presenting antigenic peptides to T cells 
in the context of MHC molecules. cDC also produce pro-inflammatory 
cytokines, which have potent downstream immune stimulatory function 
(Banchereau & Steinman, 1998). pDC have been shown to produce large 
amounts of type I interferons (IFN) that limit virus spread, enhance antigen 
presentation, and increase cytotoxic function (Siegal et al., 1999; 
Megjugorac et al., 2004; Fitzgeraldbocarsly, 1993). 
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Some studies have investigated the phenotype and of bovine peripheral 
blood DCs (Miyazawa et al., 2006; Gibson et al., 2012; Renjifo et al., 1997; 
Reid et al., 2011). In these studies, enrichment protocols were utilized to 
deplete non-DCs. While the DCs population is enriched, a major limitation 
of this approach is the difficulty of entirely depleting other cell types, thus 
reducing the overall purity of the DC yield. Consequently, careful 
interpretation should be exercised when attributing DC immuno-phenotype 
and functions to DC enriched populations.  
A subset of bovine peripheral blood DCs was identified as 
CD172a+/CD11c+/MHC class II+ cells in the CD3−/B-B2−/CD14− population 
(Miyazawa et al., 2006) and expressed a CD205 molecule on the cell surface 
(Gonzalez-Cano et al., 2014). CD205 is a C-type lectin receptor (CLR) that 
can function as an endocytic receptor (Jiang et al., 1995). And CD205 as an 
antigen-uptake receptor, was also expressed on DCs in lymphoid tissue 
(Gliddon et al., 2004). In addition, it has previously been reported that the 
surface molecules of CD40, CD80 and CD86 in DCs provided co-stimulate 
signals in T cell activation (VanGool et al., 1996). The absence of CD80 and 
CD86 results in lack of co-stimulatory signal delivery to T cells and leads to 
clonal anergy and lack of proper T cell response (Schwartz, 1990). Cytotoxic 
T Lymphocyte-associated Antigen-4 (CTLA-4) interacts with B7 molecules 
to inhibit T cell activation and induce T cell anergy by competitive 
antagonism of CD28:B7 mediated co-stimulation. However, the complete 
absence of CTLA-4 results in unrestricted activation of T cells (Carreno et 
al., 2000; Carter & Carreno, 2003). 
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Naive T cell activation requires signals from the co-stimulatory molecules 
and cytokines provided by the mature DCs (Greenwald et al., 2005). 
Depending on the type of infection and antigen presented,  T helper (Th) cells 
will develop into immune phenotypes that are characterized by their 
transcription factors, cytokine profiles,  and effector functions. Upon 
encountering foreign antigens and costimulatory molecules presented by 
DCs, naive CD4+ T cells can differentiate into Th1, Th2, Th17 and 
Regulatory T (Treg) cells. These differentiation programs are mainly shaped 
by cytokines produced by DCs and are characterized by the  expression of 
lineage-specific transcription factors and production of signature cytokines.  
IL-12 is important for the differentiation of Th1 cells with an important 
function in host defense against intracellular pathogens.  CD8α+ DCs have 
been shown to drive the development of Th1-type immune response in vivo 
in an IL-12 and IFN-γ depending manner, whereas CD8α− DCs induce Th2-
type responses which play a crucial role in anti-parasite and humoral 
immunity with IL-4 and IL-10 (Coquerelle & Moser, 2010). TGF-β together 
with IL-6 and IL-23 instruct naive T cells to develop into Th17 cells that 
mediate immunity against fungi and extracellular bacteria. In the absence of 
inflammatory cytokines, TGF-β promotes naive T cells to differentiate into 
Foxp3-expressing Treg cells for the maintenance of immune tolerance 
(Huang et al., 2012). 
In order to prevent the fetal rejection caused by the recognition of paternal 
antigens, the maternal immune system has to be mobilized toward tolerance 
(Zenclussen, 2013). Th cells play a central role in immune responses. 
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However, the expression of Th1 and Th17-related gene was inhibited in 
bovine late gestation (Maeda et al., 2013). The previous report showed the 
characterization of higher Th2/regulatory immunity by the increases of IFN-
γ occurring after parturition and interleukin (IL)-4 production before calving 
(Paibomesai et al., 2013). 
Among periparturient Jersey cows during the 2 weeks before and 2 weeks 
after parturition, the percentage of T cells with CD3, CD4, and gamma delta 
T-cell receptors reduced substantially in blood (Kimura et al., 1999). During 
the periparturient period there is a decline in T-lymphocyte cell subsets, 
which parallels a reduction in functional capacities of blood lymphocytes 
(Kimura et al., 2002). Paternal T cells are aware of the presence of paternal 
antigens during pregnancy, where they acquire a transient state of tolerance 
specific for paternal antigens (Tafuri et al., 1995). Treg as the main function 
for which is to prevent autoimmunity, emerged as important players in 
regulating tolerance toward paternal and fetal  antigens (Sakaguchi et al., 
1995). Treg must first encounter antigens presented by antigen-presenting 
cells, as for example, DCs in an appropriate cytokine environment, to 
proliferate and function. In addition, DCs represented the first event leading 
to a protective adaptive immune response (Robertson et al., 1996), and 
contributed to the expansion of the peripheral Treg population (Schumacher 
et al., 2012). Immature DCs expressed a low level of MHC molecules and 
co-stimulatory molecules such as CD40, CD80 and CD86, and showed the 
reduced production of pro-inflammatory cytokines (IL-12, TNF-γ, IL-6) 
(Lutz & Schuler, 2002). These data are compatible with the hypothesis that 
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declining T-cell populations may contribute to the immunosuppression 
reported for dairy cows at calving, and that DCs may regulate the population 
and functions of T cells during the days and weeks before and after 
parturition. However, the function for maintaining the tolerance during the 
pregnancy has not been clearly described in DCs in bovine blood.  
In recent years, Bacillus subtilis C-3102 strain (BS) has been widely used 
in livestock as feed probiotics additives  (Hatanaka et al., 2012; He et al., 
2013; Jeong & Kim, 2014; Kritas et al., 2015; Michiels et al., 2016), but 
there were few reports studying on dairy cattle. In our laboratory, the 
proportion of CD172a+/CD11c+ DCs in bovine peripheral blood decreased in 
mastitis, and that the feeding of Bacillus subtilis C-3102 strain (BS) 
prevented the cattle from mastitis  (Urakawa et al. 2013). It was thought that 
there was a relationship between the DCs and mastitis.  DCs present in the 
bovine mammary gland are hypothesized to play an important role in defense 
against invading pathogens (Maxymiv et al., 2012). However, the mechanism 
of mastitis prevention by DCs has not been described clearly in dairy cattle 
feeding a diet with Bacillus subtilis  probiotics. 
Bovine DCs function also has not been characterized during the parturition 
despite their important role in both orchestrating innate and adaptive immune 
activation and inducing tolerance. The object of the study is to analyze the 
phenotypic and functional characterization of bovine peripheral blood DCs 
before and after parturition by BS-feeding comparing the control group. 
Before this, as the population of DCs is less than 5% in bovine peripheral 
blood mononuclear cells (PBMC), it is needed to isolate highly purified DCs 
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subpopulations in sufficient numbers. Therefore, a novel method of two -step 
Magnetic-activated cell sorting (MACS) for bovine peripheral DCs  must be 
established. After the purification, the expressions of surface markers (MHC 
II, CD205, CD40, CD80 and CD86) on DCs were determined using flow 
cytometry, and the expressions of a number of cytokines (IL-12a, IL-12b, 
IFN-γ, IL-4, IL-10, TGF-β and IL-6) were analyzed by qRT-PCR. This study 
provides the evidence for immune regulation of bovine DC populations 
before and after parturition. 
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2.1 Introduction  
 
It is well known that once a mature DC presented antigen to T cells, in the 
context of co-stimulatory molecules and cytokines, the net result was 
induction of T cell activation and proliferation. Recent evidence indicates  
that a mature DC phenotype is also required for the induction and 
maintenance of tolerance(Joffre et al., 2009; Akbari et al., 2001). The 
phenotypic and functional characterizations of peripheral blood DCs in the 
human have been described in several studies (Thomas et al., 1993; Odoherty 
et al., 1994; MacDonald et al., 2002). A few studies have investigated the 
phenotype and of bovine peripheral blood DCs (Miyazawa et al., 2006; 
Gibson et al., 2012; Renjifo et al., 1997; Reid et al., 2011). In these studies, 
enrichment protocols were utilized to deplete non-DCs. 
The object of this chapter is to analyze the phenotypic and functional  
characterization of bovine peripheral blood DCs before parturition. As the 
population of DCs is less than 5% in bovine PBMC, it is needed to isolate 
highly purified DCs subpopulations in sufficient numbers. Therefore, a novel 
method of two-step MACS for bovine peripheral DCs must be established. 
After the purification, the expressions of surface markers (MHC II, CD205, 
CD40, CD80 and CD86) on DCs were determined using flow cytometry. 
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2.2 Materials and Methods  
 
2.2.1 Animals 
Sixteen Holstein Friesian cows, housed at the Miyagi Prefecture Animal 
Industry Experiment Station, were used in this study. All animal handing and 
experimental protocols were conducted in compliance with guidance 
approved by the Tohoku University Environmental and Safety Committee on 
Experimental Animal Care and Use, and the Environmental and Safety 
Committee on Miyagi prefecture animal industry experiment station. These 
animals were clinically healthy and kept in the same conditions.  
 
2.2.2 Blood sampling  
Jugular venous blood (200 mL) was obtained from the cows at one month 
prior to parturition, into the tubes containing sodium heparin and was diluted 
1:1 with phosphate-buffered saline (PBS). Peripheral blood mononuclear 
cells (PBMC) were separated from the buffy coat using Lympholyte®-H 
(1.077 g/mL, CEDARLANE, Burlington, Ontario, Canada) gradient 
centrifuged at 600 g for 30 min at 18 ℃. PBMC were washed once with 
lysing buffer (tris-HCl buffer containing 0.83% ammonium chloride) and 
twice with PBS at 450 g each for 10 min at 4 ℃. 
 
2.2.3 Purification of peripheral blood dendritic cells  
The anti-bovine antibodies in this study were purchased from WSU 
(Pullman WA, AL, USA), Bio-Rad (Hercules, CA, USA), SouthernBiotech 
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(Birmingham, AL, USA), BD Biosciences (Franklin Lakes, NJ, USA) and 
Miltenyi Biotec (Bergisch Gladbach, Germany)  (Table 1). For the sorting of 
CD3−/sIgM−/CD14−/Granulocytes− cells, PBMC were washed with PBS 
containing 0.5% bovine serum albumen (BSA), and incubated with the 
mixture of mouse anti-bovine CD3 (diluted 1/50), mouse anti-bovine sIgM 
(diluted 1/100), mouse anti-bovine CD14 (diluted 1/50), and mouse anti-
bovine Granulocytes (diluted 1/1000) antibodies for 30 min on ice, followed 
by the incubation with rat anti-mouse IgG1 Micro Beads and rat anti-mouse 
IgM Micro Beads for 30 min on ice, respectively. 
CD3−/sIgM−/CD14−/Granulocytes− cells containing dendritic cells were 
negatively selected using Auto MACS magnetic columns (Miltenyi Biotec). 
After negative selection, CD3−/sIgM−/CD14−/Granulocytes− cells were 
incubated with anti-bovine CD172a antibodies (diluted 1/200) and rat anti -
mouse IgG1 Micro Beads for 30 min on ice, respectively. CD172a+ cells were 
positively selected from CD3−/sIgM−/CD14−/Granulocytes− cells using Auto 
MACS magnetic columns. 
 
2.2.4 Flow cytometry 
In order to detect bovine dendritic cells, PBMC, 
CD3−/sIgM−/CD14−/Granulocytes− negative-selected cells in MACS step 1 
(negative-selected cells) and CD172a+ positive-selected cells in MACS step 
2 (positive-selected cells) were stained with mouse anti-bovine CD172a 
(diluted 1/200) antibody and co-stained with mouse anti-bovine CD11c 
(diluted 1/500) and MHC class II (diluted 1/250) antibodies. PBMC and 
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negative-selected cells were incubated with mouse anti-bovine CD3, sIgM, 
CD14 or Granulocytes antibody for confirming the deletion of T cells, B cells, 
monocytes and granulocytes. Negative-selected cells were incubated with 
mouse anti-bovine MHC class II, CD40, CD205, CD80 or CD86 antibody, 
and treated with secondary fluorescent antibodies for 30 min on ice in the 
dark. After the treatment of secondary fluorescent antibodies in Table 1, each 
cell was subjected to the flow cytometry analysis using the Accuri C6 flow 
cytometer (BD Biosciences) and the BD Accuri C6 software, Version 
1.0.264.21 (BD Biosciences). In each experiment, cells incubated with 
isotype-matched antibodies and fluorescent antibodies were selected as 
controls. 
 
2.2.5 Immunocytochemical staining  
Negative- and positive-selected cells were stained with mouse anti -bovine 
CD172a antibody and co-stained with mouse anti-bovine CD11c and MHC 
class II antibodies, and then stained with PerCP conjugated rat anti mouse -
IgG1, PE conjugated goat anti mouse IgM and FITC conjugated goat anti 
mouse-IgG2a fluorescent antibodies (Table 1). Cells were then centrifuged 
onto glass slides (Cytospin 2 Thermo Shandon, Pittsburgh, PA, USA) at 600 
g for 5 min. After air-drying for 5 min, cells were counterstained with 4’,6-
diamidino-2-phenylindole (DAPI) for 5 min at room temperature in the dark,  
and then were washed three times with PBS. Slide images were viewed using 
a Laser Scanning Microscope 700 (Carl Zeiss, Jena, German), and 
photographed at 400X with LSM software ZEN 2012, Version 8.0.0.273.  
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2.2.6 Statistical Analysis 
Values are reported as means ± SD. Statistical analyses were performed 
using software GraphPad 6.00 program (GraphPad software Inc. , CA, USA). 
The correlation between two parameters was analyzed by Pearson correlation 
coefficient test (*: p<0.05, **: p<0.01).  
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2.3 Results 
 
2.3.1 Purification of bovine peripheral blood dendritic cells  
Figure 1 showed the purification process of bovine peripheral blood DC. 
The expressions of the surface molecules such as CD172a, CD11c, and MHC 
class II, such as specific markers of DCs, were assessed by three-color flow 
cytometry without any gate (Fig.1 A). Among the total PBMC, 14.8% 
CD172a+/CD11c+ cells were present and almost expressed a MHC class II 
molecule. However, it is well known that CD11c is highly expressed on 
monocytes, macrophages (Mø) and natural killer (NK) cells, and that 
CD172a+/CD11c+ cells possibly include a subset of T cells, B cells, NK cells 
and monocyte/Mø. Therefore, it was necessary to remove these cell 
populations from PBMC using each specific monoclonal antibody. After the 
negative selection, CD172a+/CD11c+ cells were found to represent about 6.5% 
of the negative-collected cells and also expressed MHC class II on the cell 
surface. The negative selection using MACS removed T cells (CD3 +), B cells 
(surface IgM+), monocytes (CD14+) and granulocytes from PBMC, and these 
populations in negative-selected cells disappeared (Fig.1 B). Therefore, 
CD172a+/CD11c+ cells in the negative-selected cells were considered as 
bovine peripheral blood dendritic cells, which also expressed MHC class II 
molecule. However, the negative-selected cells contained a large amount of 
population of CD172a−/CD11c− non-DC cells. Next, the DCs was purified 
CD172a+/CD11c+ cells from the negative-selected cells. The positive 
selection with CD172a antibody revealed that the puri ty of CD172a+/CD11c+ 
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dendritic cells was 84.8%, and that they also expressed MHC class II strongly.  
 
2.3.2 Photographs of bovine peripheral blood dendritic cells  
Peripheral blood dendritic cells after the negative and positive selections 
were stained with mouse anti-bovine CD172a (Red), CD11c (Green) and 
MHC class II (Green) antibodies. All samples were counterstained with 
DAPI (Blue) (Fig.2). After the negative selection, CD172a +/CD11c+ and 
CD172a+/MHC class II+ DCs were detected as a small population in the 
photographs. Indeed, there was a plenty of CD172a−/CD11c−/MHC class II− 
non-DC cells indicated with arrows. However, CD172a−/CD11c−/MHC class 
II− non-DC cells indicated with arrows decreased after the positive selection 
with anti-CD172a antibody. Almost all the positive-selected cells expressed 
CD172a, CD11c and MHC class II, which were considered as the bovine 
peripheral blood DCs. These data suggest that the two-step MACS method 
can purify highly DCs from bovine blood.  
 
2.3.3 Phenotypic analysis of bovine peripheral blood CD172a+/CD11c+ 
dendritic cells before parturition  
Next, the surface expression of MHC class II, CD40, CD205, CD80 or 
CD86 was analyzed on CD172a+/CD11c+ cells after the negative selection 
(Fig.3 A). The results demonstrated that almost all the CD172a+/CD11c+ 
dendritic cells expressed the molecules of MHC class II (98.48±0.54%) and 
CD40 (94.98±0.88%). However, there were individual differences in the 
expression of CD205, CD80 or CD86 in the CD172a+/CD11c+ DCs. The 
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percentages of CD205, CD80 and CD86 positive cells were 17.08±3.97, 
29.68±4.23, and 23.50±6.02 of CD172a+/CD11c+ DCs, respectively. Before 
the parturition, there were strong correlations between the percentage of 
CD86 and the percentages of CD80 or CD205 on CD172a+/CD11c+ DCs 
(Fig.3 B). 
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2.4 Discussion 
 
In this study, a novel purification method for bovine peripheral blood DCs  
was established. The phenotype of the DCs was also characterized. A 
previous study revealed that DCs were identified at  0.1-0.7% of PBMC 
(Renjifo et al., 1997). Because of the low percentage of DCs in the PBMC, 
it was necessary to deplete the non-DC from bovine PBMC (Renjifo et al., 
1997; Miyazawa et al., 2006; Gibson et al., 2012; Sei et al., 2014). In this 
study, T cells, B cells, monocytes and granulocytes were depleted from 
PBMC by negative selection. However, CD172a+/CD11c+ cells with MHC 
class II molecule were detected at 6.5% of the negative-collected cells. This 
cell fraction was revealed as DCs (Miyazawa et al., 2006; Gonzalez-Cano et 
al., 2014), however, it was very difficult to investigate the functional and the 
genetic analysis of bovine blood DCs using it. Using positive selection with 
anti-bovine CD172a antibody and immunomagnetic microbeads, it was able 
to purify the CD172a+/CD11c+ DCs with MHC class II molecule at 84.8% 
purity, and also confirm the purified cells as DCs using the 
immunofluorescence photographs (Fig.2). 
DCs are specialized antigen-presenting cells that regulate both immunity 
and tolerance. DCs in the periphery play a key role in induction of T cell 
immunity, as well as tolerance. DCs are phenotypically and functionally 
heterogeneous, and further classified into several subsets depending on 
distinct marker expression and their location.  The purified DCs from 
peripheral blood not only expressed CD172a, CD11c, and MHC class II on 
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the surface, but also expressed CD40, CD205, CD80 and CD86 (Fig.3). The 
majority of the DCs expressed the molecules of MHC class II and CD40. It 
has been reported that CD205 can lead to tolerance in the steady-state 
immunity after DC maturation (Bonifaz et al., 2002). It is well known that 
CD205 has been expressed on many dendritic cells in the T cell areas of 
lymphoid tissues(Gliddon et al., 2004). Therefore, a part of bovine peripheral 
blood DCs before parturition might have differentiated into activated DCs 
with high CD205.  
In this study, before the parturition there were strong correlations in 
CD172a+/CD11c+ DCs between the CD86 expression and the expressions of 
CD80, as well as CD205. Therefore, the phenotype analysis of DCs revealed 
that there were both immature DCs and activated DCs in the peripheral blood, 
and that the peripheral blood DCs might have the potential of regulation for 
T cell lineage. 
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2.5 Summary 
 
The results in this chapter suggest: 
1) A novel method for the purification of DCs from PBMC was established 
by using two-step MACS, and the CD172a+/CD11c+ DCs with high 
expression of MHC class II and CD40 were purified at 84.8% purity.  
 
2) Cell surface markers as MHC class II and CD40 were expressed on almost 
CD172a+/CD11c+ DCs, and the individual differences existed in the 
expressions of CD205, CD80 and CD86 molecules.  
 
3) Before parturition, there were strong correlations between the percentage 
of CD86 and the percentages of CD80 and CD205 on DCs. It suggested that 
there were both immature DCs and activated DCs in the peripheral blood, 
and that the peripheral blood DCs might have the potential of regulation for 
T cell lineage. 
 
  
 
 
 
 
 
Figures and Tables 
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Table 1 Antibodies used in this study 
Antibodies Isotype Clone Supplier 
CD3 IgG1 MM1A WSU 
surface IgM IgG1 IL-A30 Bio-Rad 
CD14 IgG1 CAM36A WSU 
Granulocytes IgM CH138A WSU 
CD172a IgG1 DH59B WSU 
CD11c IgM BAQ153A WSU 
MHC II IgG2a TH14B WSU 
CD205 IgG2a ILA53A WSU 
CD40 FITC IgG1 IL-A156 Bio-Rad 
CD80 FITC IgG1 IL-A159 Bio-Rad 
CD86 FITC IgG1 IL-A190 Bio-Rad 
Control Mouse IgG1 COLIS69A WSU 
Control Mouse IgM COLIS52A2 WSU 
Control Mouse IgG2a COLIS205C WSU 
FITC IgG2a-secondary ab  Goat anti Mouse  SouthernBiotech 
PE IgM-secondary ab Goat anti Mouse  SouthernBiotech 
PerCP IgG1-secondary ab  Rat anti Mouse  BD Biosciences  
IgG1 Micro Beads ab  Rat anti Mouse  Miltenyi Biotec 
IgM Micro Beads ab  Rat anti Mouse  Miltenyi Biotec 
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Figure 1 
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Fig.1 Purification of bovine peripheral blood dendritic cells.  
T cells, B cells, monocytes and granulocytes were removed from PBMC  
by the negative selection using MACS with anti -bovine CD3, sIgM, CD14 
and Granulocytes antibodies. After the negative selection, peripheral DCs 
were purified from the negative-selected cells by the positive selection using 
MACS with anti-bovine CD172a antibody. The expressions of surface 
molecule CD172a, CD11c and MHC class II were analyzed on PBMC, the 
negative-selected cells and the purified DC by flow cytometry (A). The flow 
cytometry histograms show the expression of CD3, sIgM, CD14 or 
Granulocytes in PBMC and the negative-selected cells (B). Data are 
representative from six independent experiments.  
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Figure 2 
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Fig.2 Photographs of peripheral blood dendritic cells.  
Peripheral blood dendritic cells after the negative selection and the 
positive selection were stained by CD172a (Red), CD11c (Green) and MHC 
class II (Green). All samples were counterstained with DAPI (Blue). Arrows 
showed the unstained cells by CD172a and CD11c. Bars: 50 μm. 
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Figure 3 
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Fig.3 Phenotypic characterization of bovine peripheral blood 
CD172a+/CD11c+ dendritic cells before parturition.  
After the negative selection, the surface expressions of MHC class II, 
CD40, CD205, CD80 or CD86 on DCs were analyzed on CD172a+/CD11c+ 
dendritic cells (A). Figure B showed the correlation between the percentage 
of CD86 and the percentage of CD80 or CD205 on  DCs. *: p<0.05, **: 
p<0.01 
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3.1 Introduction  
 
In our laboratory, the proportion of CD172a+/CD11c+ DCs in bovine 
peripheral blood decreased in mastitis, so it was thought that there was a 
relationship between the DCs and mastitis.  Besides, the feeding of Bacillus 
subtilis C-3102 strain (BS) prevented the cattle from mastitis  (Urakawa et al. 
2013), but the reason was not clarified. 
Bovine peripheral blood DCs were identified as a lineage negative of 
CD172a+/CD11c+/MHC class II+ cells in the CD3−/B-B2−/CD14− population 
(Miyazawa et al., 2006) and expressed a CD205 molecule on the cell surface 
(Gonzalez-Cano et al., 2014). CD205, as an antigen-uptake receptor, was 
also expressed on DCs in lymphoid tissue (Gliddon et al., 2004). In addition, 
it has previously been reported that the surface molecules of CD40, CD80 
and CD86 in DCs provided co-stimulate signals in T cell activation (VanGool 
et al., 1996). The phenotype of the DCs in bovine peripheral blood has not 
been described before and after parturition.  
In this chapter, cattle were fed with or without BS probiotics for two 
months before and after parturition. After the MACS negative selection, the 
proportion of the CD172a+/CD11c+ DCs in the peripheral blood and the 
expressions of surface markers such as MHC Class II, CD205, CD40, CD80 
and CD86 on DCs were analyzed by flow cytometry. 
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3.2 Materials and Methods  
 
3.2.1 Animals 
Twenty Holstein cows, housed at the Miyagi Prefecture Animal Industry 
Experiment Station, were used in this study. All animal handing and 
experimental protocols were conducted in compliance with guidance 
approved by the Tohoku University Environmental and Safety Committee on 
Experimental Animal Care and Use, and the Environmental and Safety 
Committee on Miyagi prefecture animal industry experiment station. These 
animals were clinically healthy and kept in the same conditions.  
 
3.2.2 Bacillus subtilis feeding 
The cows were divided into the control-feeding group with ten cows and 
the Bacillus subtilis (BS)-feeding group with the other ten cows. The study 
applied Bacillus subtilis C-3102 stain (1.5×108 CFU/g). The BS-feeding 
group started the feeding one month prior to the parturition and ended one 
month past the parturition. The cows were individually fed twice a day in the 
morning and evening, each with 20 g. Water was fed ad libitum. 
 
3.2.3 Blood sampling  
Jugular venous blood (200 mL) was obtained from the cows at one month 
prior to parturition, into the tubes containing sodium heparin and was diluted 
1:1 with phosphate-buffered saline (PBS). PBMC were separated from the 
buffy coat using Lympholyte®-H (1.077 g/mL, CEDARLANE, Burlington, 
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Ontario, CA) gradient centrifuged at 600 g for 30 min at 18°C. PBMC were 
washed once with lysing buffer (tris-HCl buffer containing 0.83% 
ammonium chloride) and twice with PBS at 450 g each for 10 min at 4°C. 
 
3.2.4 Purification of peripheral blood dendritic cells  
 The anti-bovine antibodies in this study were purchased from WSU 
(Pullman WA, USA), Bio-Rad (Hercules, CA, USA), SouthernBiotech 
(Birmingham, AL, USA), BD Biosciences (Franklin Lakes, NJ, USA) and 
Miltenyi Biotec (Bergisch Gladbach, Germany)  (Table 2). For the sorting of 
CD3−/sIgM−/CD14−/Granulocytes− cells, PBMC were washed with PBS 
containing 0.5% bovine serum albumen (BSA), and incubated with the 
mixture of mouse anti-bovine CD3 (diluted 1/50), mouse anti-bovine sIgM 
(diluted 1/100), mouse anti-bovine CD14 (diluted 1/50), and mouse anti-
bovine Granulocytes (diluted 1/1000) antibodies for 30 min on ice, followed 
by the incubation with rat anti-mouse IgG1 Micro Beads and rat anti-mouse 
IgM Micro Beads for 30 min on ice, respectively. 
CD3−/sIgM−/CD14−/Granulocytes− cells containing DCs were negatively 
selected using Auto MACS magnetic columns (Miltenyi Biotec).  
 
3.2.5 Flow cytometry 
In order to detect bovine DCs, negative-selected cells were stained with 
mouse anti-bovine CD172a (diluted 1/50) and CD11c (diluted 1/500) 
antibodies. These cells were also incubated with mouse anti-bovine MHC 
class II, CD40, CD205, CD80 and CD86 antibodies, and treated with 
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secondary fluorescent antibodies for 30 min on ice in the dark. After the 
treatment of secondary fluorescent antibodies in Table 2, each cell was 
subjected to the flow cytometry analysis using the Accuri C6 flow cytometer 
(BD Biosciences) and the BD Accuri C6 software, Version 1.0.264.21 (BD 
Biosciences). In each experiment, cells incubated with isotype -matched 
antibodies and fluorescent antibodies were selected as controls.  
 
3.2.6 Statistical Analyses  
  Values are reported as means ± SD. Statistical analyses were performed 
using software GraphPad 6.00 program (GraphPad software Inc. , CA, USA). 
Differences between results were tested with a paired, two-tailed, Student's 
t-tests. The correlation between two parameters was analyzed by Pearson 
correlation coefficient test (*: p<0.05, **: p<0.01). 
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3.3 Results 
 
3.3.1 Proportion of bovine peripheral blood CD172a+/CD11c+ dendritic cells 
before and after parturition  
Holstein cows were fed with or without probiotics (Bacillus subtilis C-
3102 strain) from one month before parturition to one month after parturition. 
The peripheral bloods were obtained from the cattle at one month before and 
after parturition, respectively. After the MACS negative selection, the 
percentages of the CD172a+/CD11c+ DCs in the peripheral blood were 
determined by the flow cytometry.  
As shown in Figure 4, the data had been transferred into the increase rate.  
The increase rate of bovine peripheral blood CD172a+/CD11c+ DCs did not 
change in the control-feeding group before and after parturition. However, 
the BS-feeding significantly increased (p<0.01) the proportion of 
CD172a+/CD11c+ DCs after parturition. 
 
3.3.2 Comparison of surface molecules expressed on bovine peripheral blood 
CD172a+/CD11c+ dendritic cells before and after parturition  
After the MACS negative selection, bovine peripheral blood DCs were 
determined with the anti-bovine CD172a and CD11c antibodies on a three-
color flow cytometry. The rest surface molecules were analyzed with the 
corresponding antibodies. Meanwhile, as shown in Figure 5, no differences 
of the proportion of MHC class II, CD40, CD205 and CD86 positive cells 
before and after parturition were detected in both the control- and BS-feeding 
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groups. However, the proportion of CD80 positive cells of DCs remained 
unchanged in the control-feeding group throughout the parturition while that 
in the BS-feeding group significantly increased (p<0.05) after parturition 
(Fig.5). Therefore, Bacillus subtilis feeding significantly increased the 
proportion of DCs and the expression of the surface co-stimulatory molecule 
CD80 compared to that in the control-feeding group. 
 Based on the percentages of CD205, CD86, and CD80 expressions, the 
correlations among the surface molecules before and after parturition were 
shown in Figure 6. As previously elaborated in chapter 2 (Fig.3 B), before 
the parturition, there were strong correlations between the percentage of 
CD86 and the percentages of CD80 and CD205 on DCs. After the parturition, 
the strong correlations remained in the control-feeding group. However, in 
the BS-feeding group, although the strong correlation between CD80 and 
CD86 was found, the correlation between CD86 and CD205 disappeared 
(Fig.6). 
 
 
   
 35 
3.4 Discussion 
 
In this chapter, the unique profiles in bovine blood DCs were identified at 
specific stages of gestation and lactation that suggest greatest alterations to 
these cell populations occurs over the late gestation. Bovine blood 
nonclassical monocytes (ncM) were identified as CD172a+/CD14−/CD16+ 
cells (Hussen et al., 2013), and the CD172a+/CD11c+/CD14− DCs in this 
study could be considered as a population of these cells, and the proportion 
of ncM in bovine blood also increased from the late dry period in late 
gestation to the post-calving period (Pomeroy et al., 2016). As shown in 
Figure 4, the BS-feeding significantly increased (p<0.01) the proportion of 
CD172a+/CD11c+ DCs after parturition. It was found that the proportion of 
CD172a+/CD11c+ DCs in bovine peripheral blood decreased in mastitis, and  
the feeding of Bacillus subtilis C-3102 strain prevented the cattle from 
mastitis (Urakawa et al., 2013). Therefore, it was considered that the BS-
feeding could prevented from mastitis by rising the proportion of 
CD172a+/CD11c+ DCs in bovine peripheral blood.  
As shown in Figure 5, no differences of the proportions of MHC class II, 
CD40, CD205 and CD86 positive cells were detected in both groups before 
and after parturition. MHC class II and CD40 were expressed on the DC 
surface at a high expression in the two groups, while the CD205 and CD86 
expressions were lower than them. However, the proportion of CD80 positive 
cells of DCs remained unchanged in the control-feeding group throughout 
the parturition while that in the BS-feeding group significantly increased 
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(p<0.05) after parturition (Fig.5). The priming with DCs was strictly 
dependent on CD80 ⁄ CD86, and CD86 was well known to induce naive T 
cells to become IL-4 producers (Debecker et al., 1994). As CD80 high-
positive DCs well induced IL-12a, there might be an autocrine effect of IL-
12a on DCs maturation in the BS-feeding group (Fig. 5). 
Co-stimulatory molecules were necessary to the T-cell responses and were 
up-regulated during DC activation (Cools et al., 2007). The program of 
maturation of DCs brings about the up-regulation of MHC II (Lanzavecchia 
and Sallusto, 2001) and co-stimulatory molecules CD80 and CD86 (Mellman 
and Steinman, 2001). Bovine DCs are characterized by the increased 
expression of MHC II, CD11c, CD80/CD86 and the decreased expression of 
CD14 and CD21 surface markers (Denis and Buddle, 2008). CD205+ DCs can 
also induce tolerance if they are not activated but induce T cell activation 
following activation through CD40 which up-regulates CD86 (Bonifaz et al., 
2002). However, in the BS-feeding group, although the strong correlation 
between CD80 and CD86 was found, the correlation between CD86 and 
CD205 disappeared (Fig.6).  These data indicated that the DCs in BS-feeding 
group could be activated DCs with the high CD80 expression after parturition.  
Therefore, in this chapter, BS-feeding significantly increased the 
proportion of DCs and the expression of the surface co-stimulatory molecule 
CD80 and it suggested that the BS-feeding has induced the differentiation of 
immature DCs into activated DCs.  
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3.5 Summary 
 
The results in this chapter indicated:  
1) Bacillus subtilis feeding increased the proportion of bovine peripheral 
blood dendritic cells after parturition. 
 
2) Bacillus subtilis feeding significantly increased the proportion of CD80 
positive cells of dendritic cells, which is believed to induce the 
differentiation of immature DCs into activated DCs compared to that in the 
control-feeding group after parturition.  
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Table 2 Antibodies used in this study 
Antibodies Isotype Clone Supplier 
CD3 IgG1 MM1A WSU 
surface IgM IgG1 IL-A30 Bio-Rad 
CD14 IgG1 CAM36A WSU 
Granulocytes IgM CH138A WSU 
CD172a IgG2b CC149 Bio-Rad 
CD11c IgM BAQ153A WSU 
MHC II IgG2a TH14B WSU 
CD205 IgG2a ILA53A WSU 
CD40 FITC IgG1 IL-A156 Bio-Rad 
CD80 FITC IgG1 IL-A159 Bio-Rad 
CD86 FITC IgG1 IL-A190 Bio-Rad 
Control Mouse IgG1 COLIS69A WSU 
Control Mouse IgM COLIS52A2 WSU 
Control Mouse IgG2a COLIS205C WSU 
Control Mouse IgG2b COLIS169A WSU 
FITC IgG2a-secondary ab  Goat anti Mouse  SouthernBiotech 
PE IgG2b-secondary ab Goat anti Mouse  SouthernBiotech 
Alexa Flour 647  
IgM-secondary ab 
Goat anti Mouse  SouthernBiotech 
IgG1 Micro Beads ab  Rat anti Mouse  Miltenyi Biotec 
IgM Micro Beads ab  Rat anti Mouse  Miltenyi Biotec 
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Figure 4 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Increase rate of bovine peripheral blood CD172a +/CD11c+ 
dendritic cells before and after parturition.  
Holstein cows were fed with or without probiotics (Bacillus subtilis C-
3102 strain) from a month before parturition to a month after parturition. The 
peripheral bloods were obtained at a month before and after parturition. The 
percentages of CD172a+/CD11c+ dendritic cells in the negative-selected cells 
were determined using flow cytometry. **: p<0.01 
 
 
  
 
Figure 5 
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Fig.5 Comparison of surface molecules expressed on bovine peripheral 
blood dendritic cells before and after parturition.   
Holstein cows were fed with or without probiotics (Bacillus subtilis C-
3102 strain) from a month before parturition to a month after parturition. The 
peripheral bloods were obtained at a month before and after parturition. After 
the negative selectin, the expression percentage of MHC class II , CD205, 
CD40, CD86 and CD80 were observed in the CD172a+/CD11c+ dendritic 
cells before and after parturition by flow cytometry. **: p<0.01 
 
 
 
 
 
  
 43 
Figure 6 
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Fig.6 Relationship between CD86 expressions and the expression of CD80 
or CD205 in bovine peripheral blood CD172a+/CD11c+ dendritic cells 
before and after parturition.  
After the negative selection, the expression of CD205, CD80 or CD86 was 
analyzed on bovine peripheral blood CD172a+/CD11c+ dendritic cells 
(Figure 5). Using these data, the correlations between the percentage of 
CD86 and the percentage of CD80 or CD205 in DCs were showed before and 
after parturition. *: p<0.05, **: p<0.01 
 
 
 
 
  
 
 
 
 
Chapter 4 
Effect of Bacillus subtilis C-3102 stain as feed 
probiotics additives on cytokine gene 
expression and its correlation with surface 
markers of bovine peripheral blood dendritic 
cells before and after parturition 
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4.1 Introduction  
 
DCs collect and process antigens for presentation to T cells, and differ in 
the regulatory signals they transmit, directing T cells to different types of 
immune response or to tolerance (Shortman & Liu, 2002; Steinman, 1991).  
Once a mature DC presented antigen to T cells, in the context of co-
stimulatory molecules and cytokines, the net result was induction of T cell 
activation and proliferation.  
Immature DCs expressed a low level of MHC molecules and co-
stimulatory molecules such as CD40, CD80 and CD86, and showed the 
reduced production of pro-inflammatory cytokines (IL-12, TNF-ɤ, IL-6) 
(Lutz & Schuler, 2002). Previous works are compatible with the hypothesis 
that declining T-cell populations may contribute to the immunosuppression 
reported for dairy cows at calving, and that DCs may regulate the population 
and functions of T cells during the days and weeks before and after 
parturition. 
In this chapter, cattle were fed with or without BS probiotics for two 
months before and after parturition. After the purification, the expression of 
surface marker CD80 on DCs was analyzed by flow cytometry, and the gene 
expressions of cytokines such as IL-12a, IL-12b, IFN-γ, IL-4, IL-10, TGF-β 
and IL-6 of DCs were analyzed by qRT-PCR. 
  
 47 
4.2 Materials and Methods  
 
4.2.1 Animals 
Twenty Holstein cows, housed at the Miyagi prefecture animal industry 
experiment station, were used in this study. All  animal handing and 
experimental protocols were conducted in compliance with guidance 
approved by the Tohoku University Environmental and Safety Committee on 
Experimental Animal Care and Use, and the Environmental and Safety 
Committee on Miyagi prefecture animal industry experiment station. These 
animals were clinically healthy and kept in the same conditions.  
 
4.2.2 Bacillus subtilis feeding 
The cows were divided into the control-feeding group with ten cows and 
the Bacillus subtilis (BS)-feeding group with the other ten cows. The study 
applied Bacillus subtilis C-3102 stain (1.5×108 CFU/g). The BS-feeding 
group started the feeding one month prior to the parturition and ended one 
month past the parturition. The cows were individually fed twice a day in the 
morning and evening, each with 20 g. Water was fed ad libitum. 
 
4.2.3 Blood sampling  
Jugular venous blood (200 mL) was obtained from the cows at one month 
prior to parturition, into the tubes containing sodium heparin and was diluted 
1:1 with phosphate-buffered saline (PBS). PBMC were separated from the 
buffy coat using Lympholyte®-H (1.077 g/mL, CEDARLANE, Burlington, 
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Ontario, CA) gradient centrifuged at 600 g for 30 min at 18°C. PBMC was 
washed once with lysing buffer (tris-HCl buffer containing 0.83% 
ammonium chloride) and twice with PBS at 450 g each for 10 min at 4°C. 
 
4.2.4 Purification of peripheral blood dendritic cells  
The anti-bovine antibodies in this study were purchased from WSU 
(Pullman WA, USA), Bio-Rad (Hercules, CA, USA), SouthernBiotech 
(Birmingham, AL, USA), BD Biosciences (Franklin Lakes, NJ, USA) and 
Miltenyi Biotec (Bergisch Gladbach, Germany)  (Table 3). For the sorting of 
CD3−/sIgM−/CD14−/Granulocytes− cells, PBMC were washed with PBS 
containing 0.5% bovine serum albumen (BSA), and incubated with the 
mixture of mouse anti-bovine CD3 (diluted 1/50), mouse anti-bovine sIgM 
(diluted 1/100), mouse anti-bovine CD14 (diluted 1/50), and mouse anti-
bovine Granulocytes (diluted 1/1000) antibodies for 30 min on ice, followed 
by the incubation with rat anti-mouse IgG1 Micro Beads and rat anti-mouse 
IgM Micro Beads for 30 min on ice, respectively. 
CD3−/sIgM−/CD14−/Granuloytes− cells containing dendritic cells were 
negatively selected using Auto MACS magnetic columns (Miltenyi Biotec).  
After negative selection, CD3−/sIgM−/CD14−/Granulocytes− cells were 
incubated with mouse anti-bovine CD172a antibody (diluted 1/200) and rat 
anti-mouse IgG1 Micro Beads for 30 min on ice, respectively. CD172a+ cells 
were positively selected from CD3−/sIgM−/CD14−/Granulocytes− cells using 
Auto MACS magnetic columns (Miltenyi Biotec). 
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4.2.5 Flow cytometry 
In order to detect bovine DCs, negative-selected cells were stained with 
mouse anti-bovine CD172a (diluted 1/500) and CD11c (diluted 1/500) 
antibodies. These cells were incubated with mouse anti-bovine CD80 
antibody, and then treated with secondary fluorescent antibodies for 30 min 
on ice in the dark. After the treatment of secondary fluorescent antibodies in 
Table 3, each cell was subjected to the flow cytometry analysis using the 
Accuri C6 flow cytometer (BD Biosciences) and the BD Accuri C6 software, 
Version 1.0.264.21 (BD Biosciences). In each experiment, cells incubated 
with isotype-matched antibodies and fluorescent antibodies were selected as 
controls. 
 
4.2.6 Quantitative real-time polymerase chain reaction (qRT-PCR) analysis  
After the negative and positive selections, the purified bovine peripheral 
blood DCs were stored at -80°C. Total RNA was extracted from them using 
ISOGEN II reagent (Takara Bio Inc., Siga, Japan) following the 
manufacturer's instructions, and its concentration was determined by the 
spectrophotometry at 260 nm. The reverse transcription and cDNA synthesis 
were described as below. In brief, 2 μg of total RNA was mixed with 500 ng 
oligo (DT)12-18 and 1 μL of 10 mM deoxynucleotide triphosphates (dNTPs) 
(Invitrogen, Carlsbad, CA). The mixture was heated to 65°C for 10 min in 
order to prepare for cDNA synthesis. Then the first -strand cDNA was 
incubated with 200 units of Superscript RT III, 0.1M DTT and 5×First -Strand 
Buffer (Invitrogen, Carlsbad, CA) at 50°C for 1  hour, and then at 70°C for 
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15 min. 
One μL cDNA sample, 7 μL SYBR Green Premix Taq (Takara Bio Inc., 
Japan), 1 μL of 5pM corresponding primer pair, and RNase-free water were 
added in a 20 μL final volume per well in 96-well plate. The primer sets of 
bovine cytokines were listed in Table 4 (Takara Bio Inc., Japan). The 
transcripts using the bovine peripheral blood DCs cDNA were amplified with 
the Thermal Cycler Dice Real Time System Single (Takara Bio Inc., Japan): 
1 cycle at 95°C for 30 sec; 40 cycles at 95°C for 5 sec, 60°C for 30 sec, then 
95°C for 15 sec, 60°C for 30 sec, and finally 95°C for 15 sec. From template 
DNA, SYBR green fluorescence was detected for the calculation of copy 
numbers. The specificity and the integrity of PCR product were confirmed 
by the dissociation curve analysis. GAPDH-specific primers were used as the 
internal controls, and the reactions without template were used as negative 
control experiments. The results of target gene were presented as the relative 
expression level to the expression of house-keeping GAPDH gene.  
 
4.2.7 Statistical Analyses  
Values are reported as means ± SD. Statistical analyses were performed 
using software GraphPad 6.00 program (GraphPad software Inc. California 
USA). Differences between results were tested with a paired, two-tailed, 
Student's t-tests. The correlation between two parameters was analyzed by 
Pearson correlation coefficient test (*: p<0.05, **: p<0.01).  
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4.3 Results 
 
4.3.1 Expressions of cytokines in bovine peripheral blood dendritic cel ls 
before and after parturition  
Holstein cows were fed with or without probiotics (Bacillus subtilis C-
3102 strain) from a month before parturition to a month after parturition. The 
peripheral bloods were respectively taken at one month before and after 
parturition. After the negative and positive  selections, the expressions of 
cytokines in DCs were analyzed by qRT-PCR, and the results were expressed 
relative to GAPDH.  
In the both groups, the gene expressions of IL-12a and IL-12b in DCs 
presented no differences before and after parturition in the both groups. The 
gene expression of IFN-γ in the control-feeding group after parturition was 
significantly (p<0.01) higher than that before the parturition (Fig.7), but no 
difference with that in the BS-feeding group after parturition. Among the 
three groups, no differences in the gene expressions of IL-4 and IL-10 of 
DCs were detected (Fig.8). The gene expression of IL-6 did not vary after 
parturition. However, the gene expression of TGF-β in the control-feeding 
group after parturition was significantly (p<0.01) higher compared to that 
one month prior to the parturition. But the gene expression of TGF-β in BS-
feeding group did not increase after parturition, which was significantly 
(p<0.01) lower than that in the control-feeding group (Fig.9).  
In the control-feeding group, the gene expressions of IFN-γ and TGF-β 
significantly increased after parturition.  
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4.3.2 Relationships between expressions of cytokines and CD80 in bovine 
peripheral blood dendritic cells before and after parturition.  
  The expression of co-stimulatory molecule CD80 as a signal of activating 
T cells was added in this chapter. Based on the expressions of cytokines in 
DCs, the correlations between cytokine expressions and surface marker 
expression in DCs were analyzed and shown in Figure 10. There was a strong 
correlation (p<0.01) between IL-12a gene expression and CD80 positivity 
one month before parturition. However, after parturition, this correl ation 
disappeared in the control-feeding group while remained in the BS-feeding 
group. This research also discovered the correlations (p<0.01 and p<0.05) 
between IFN-γ and IL-4 gene expressions with CD80 positivity one month 
before parturition, which disappeared after parturition in either the control-
feeding group or the BS-feeding group. Before parturition, TGF-β and IL-6 
gene expressions were neither found correlated with CD80 positivity, or in 
the control-feeding group after parturition. However, after parturition, a 
strong negative correlation (p<0.05) between TGF-β with CD80 in the BS-
feeding group was observed, whilst a strong positive correlation (p<0.01) 
between IL-6 with CD80 was identified.  
Therefore, the BS feeding led to a negative correlation between TGF-β and 
CD80, also making IL-12a and IL-6 strongly and positively correlated with 
CD80 positivity.  
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4.4 Discussion 
 
DCs collect and process antigens for presentation to T cells, and differ in 
the regulatory signals they transmit, directing T cells to different types of 
immune response or to tolerance (Shortman & Liu, 2002; Steinman, 1991).  
Interleukin 12 from DCs appeared as a potent and obligatory inducer of 
Th1 priming (De Becker et al., 1998). In addition, IL-12 is produced by DCs 
and is able to increase their stimulatory capacity of DCs (Kelleher & Knight, 
1998). The previous report showed the characterization of higher 
Th2/regulatory immunity by the increases of IFN-γ occurring after 
parturition and IL-4 production before calving (Paibomesai et al., 2013). 
While in the both groups, the gene expressions of IL-12a and IL-12b in DCs 
presented no differences before and after parturition (Fig.7), but after 
parturition, there was a strong correlation (p<0.01) between IL-12a gene 
expression and CD80 positivity in the BS-feeding group (Fig.10).  
IL-12 induces IFN-γ production in NK cells, T cells, and macrophages, 
and provides the necessary signal to direct Th1 differentiation following T 
cell activation (O'Garra & Murphy, 2009). The secretion of IL-12, IFN-γ and 
IL-4 from DCs induced the development of T lymphocytes (Debecker et al., 
1994), and the expression of CD80 in DCs increased after parturition which 
was shown in chapter 3 (Fig.5). Therefore, it was considered that DCs in BS-
feeding group would rise the secretion of IL-12a after parturition, and there 
might be an autocrine effect of IL-12a on DCs maturation. A previous study 
indicates that bovine DCs in late gestation have reduced Th1-promoting 
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cytokine production compared with regulatory cytokine production 
(Pomeroy et al., 2015), the DCs may induce the tolerance before parturition 
and lead to Th1-promoting after parturition in the BS-feeding group. It also 
showed that cattle with the low CD80 expression would be a high IL-12a 
production in the next lactation period because of the positive correlation 
between CD80 and IL-12a. The BS-feeding induced the differentiation of 
immature DCs into activated DCs earlier after parturition than the control-
feeding group. 
Among the three groups, no differences in the gene expressions of IL-4 
and IL-10 of DCs were detected (Fig.8). In the control-feeding group, the 
gene expressions of IFN-γ and TGF-β significantly increased after 
parturition (Fig.9). 
Cytotoxic T Lymphocyte-associated Antigen-4 (CTLA-4) is an essential 
negative regulator of T cell immune responses. CTLA-4 also shares two 
ligands (CD80 and CD86) with a stimulatory receptor, CD28. It revealed a 
mechanism of immune regulation whereby CTLA-4 acts as an effect or 
molecule to inhibit CD28 co-stimulation by the cell-extrinsic depletion of 
ligands, accounting for many of the known features of the CD28-CTLA-4 
system (Qureshi et al., 2011). Natural Treg cells may critically require 
CTLA-4 to suppress immune responses by affecting the potency of antigen -
presenting cells to activate other T cells (Wing et al., 2008). Treg-specific 
CTLA-4 deficiency impairs in vivo and in vitro suppressive function of 
Tregs-in particular, Treg-mediated down-regulation of CD80 and CD86 
expression on DCs (Maeda et al., 2014; Onishi et al., 2008). 
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The priming with DCs was strictly dependent  on CD80 ⁄ CD86, and CD80 
was well known to induce naive T cells to become IL-4 producers (Debecker 
et al., 1994). The signaling molecule CD40 is required to induce 
immunogenic DCs and for the induction of IFNα (Martin et al., 2003, Le Bon 
et al., 2006). The absence of CD80 and CD86 results in lack of co-
stimulatory signal delivery to T cells and leads to clonal anergy and lack of 
proper T cell response (Schwartz, 1990). Therefore, the DCs in control-
feeding group were considered induced the tolerance as the high production 
of TGF-β and the negative correlation between CD80 and TGF-β. But the 
expression of TGF-β in BS-feeding group did not increase after parturition, 
which was significantly lower than that in the control-feeding group (Fig.9).  
Interleukin 6 is the dominant factor to initiate the transcriptional program 
of Th17 cells (Heink et al., 2017). Th17 cells are differentiated by IL-6 in 
the presence of TGF-β which induces differentiation of Treg cells (Noack & 
Miossec, 2014). When IL-6 proinflammatory cytokine is added to naive 
CD4+ T cells with TGF-β, Th17 cell differentiation is promoted more than 
with TGF-β alone due to reduced expression of Foxp3 which inhibits RORγt 
expression (Song et al., 2014; Keswani et al., 2016). In this chapter, the 
positive correlation between CD80 and IL-6 and the negative correlation of 
CD80 and TGF-β indicated that the DCs would induce the naive T cell into 
Th17 cells also with a lower expression of TGF-β (Fig.8) in the BS-feeding 
group. It also showed that cattle with the low CD80 expression would be a 
high IL-6 production in the next lactation period as the same as IL-12a. 
Therefore, the DCs in the control-feeding group with the high expression 
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of TGF-β would induce the tolerance, while the DCs in the BS-feeding group 
may already have the ability of modulating the T-cell linage involved in the 
removal of bacteria by the high expressions of CD80 and the cytokines of 
IL-12a and IL-6. 
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4.5 Summary 
 
In this chapter the results demonstrate: 
1) In the control-feeding group, gene expressions of IFN-γ and TGF-β of 
bovine peripheral blood dendritic cells significantly increased after the 
parturition. The DCs in the control-feeding group may lead the immunity 
towards tolerance.  
 
2) In Bacillus subtilis-feeding group, the increase of TGF-β gene expression 
was not observed after the parturition, but a strong negative correlation 
between TGF-β and the expression of the co-stimulatory factor CD80 
molecule was detected. 
 
3) In Bacillus subtilis-feeding group, it was verified that expressions of IL-
12a and IL-6 were strongly and positively correlated with CD80 positivity 
after parturition. These data indicate that DCs of the BS-feeding group may 
have the ability to lead naive T cells to cell -mediated immunity involved in 
the removal of bacteria.  
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Table 3 Antibodies used in this study 
Antibodies Isotype Clone Supplier 
CD3 IgG1 MM1A WSU 
surface IgM IgG1 IL-A30 Bio-Rad 
CD14 IgG1 CAM36A WSU 
Granulocytes IgM CH138A WSU 
CD11c IgM BAQ153A WSU 
CD172a IgG1 DH59B WSU 
CD172a IgG2b CC149 Bio-Rad 
CD80 FITC IgG1 IL-A159 Bio-Rad 
Control Mouse IgG1 COLIS69A WSU 
Control Mouse IgM COLIS52A2 WSU 
Control Mouse IgG2a COLIS205C WSU 
Control Mouse IgG2b  COLIS169A WSU 
FITC IgG2a-secondary ab  Goat anti Mouse  SouthernBiotech 
PE IgG2b-secondary ab Goat anti Mouse  SouthernBiotech 
Alexa Flour 647  
IgM-secondary ab 
Goat anti Mouse  SouthernBiotech 
IgG1 Micro Beads ab  Rat anti Mouse  Miltenyi Biotec 
IgM Micro Beads ab  Rat anti Mouse  Miltenyi Biotec 
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Table 4 Primer information for quantitative 
real-time PCR in this study 
Primer  Sequence Size (bp) 
IL-12a FWa GGCAGCTATTGCTGAGCTGATG 136 
 RVb ACGAATTCTGAAGGCGTGAAG  
IL-12b FW ATTCTCGGCAGGTGGAGGTC 164 
  RV GGCATCCTTGTGGCATGTG  
IFN-γ FW CATAACACAGGAGCTACCGATTTCA 197 
 RV CCCTTAGCTACATCTGGGCTACTTG  
IL-4 FW CTTAGGCGTATCTACAGGAGCCACA 112 
  RV TCGTCTTGGCTTCATTCACAGAAC  
IL-10 FW AGCAGCTGTATCCACTTGCCAAC 133 
  RV CCAGCAGAGACTGGGTCAACAGTA  
IL-6 FW ATGCTTCCAATCTGGGTTCAATC 98 
  RV ATGCTTCCAATCTGGGTTCAATC  
TGF-β FW CGAGCCCTGGACACCAACTA 137 
  RV AGGCAGAAATTGGCGTGGTA  
GAPDH FW GATGGTGAAGGTCGGAGTGAAC 100 
 RV GTCATTGATGGCGACGATGT  
a Forward primer.  
b Reverse primer.  
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Fig.7 Expressions of cytokine IL-12a, IL-12b and IFN-γ in bovine 
peripheral blood dendritic cells before and after parturition.   
Holstein cows were fed with or without probiotics (Bacillus subtilis C-
3102 strain) from a month before parturition to a month after parturition. The 
peripheral bloods were obtained from Holstein cows at a month before and 
after parturition. After the negative and positive selections, the expressions 
of IL-12a, IL-12b and IFN-γ cytokines in dendritic cells were analyzed by 
qRT-PCR, and the results were expressed relative to GAPDH. **: p<0.01 
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Figure 8 
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Fig.8 Expressions of cytokine IL-4 and IL-10 in bovine peripheral blood 
dendritic cells before and after Parturition.   
Holstein cows were fed with or without probiotics (Bacillus subtilis C-
3102 strain) from a month before parturition to a month after parturition. The 
peripheral bloods were obtained from Holstein cows at a month before and 
after parturition. After the negative and positive selections, the expressions 
of IL-4 and IL-10 cytokines in dendritic cells were analyzed by qRT-PCR, 
and the results were expressed relative to GAPDH.  
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Figure 9 
 
 
 
 
  
  66 
Fig.9 Expressions of cytokine TGF-β and IL-6 in dendritic cells from 
bovine peripheral blood before and after Parturition.   
Holstein cows were fed with or without probiotics (Bacillus subtilis C-
3102 strain) from a month before parturition to a month after parturition. The 
peripheral bloods were obtained from Holstein cows at a month before and 
after parturition. After the negative and positive selections, the expressions 
of TGF-β and IL-6 cytokines in dendritic cells was analyzed by qRT-PCR, 
and the results were expressed relative to GAPDH. **: p<0.01 
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Figure 10 
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Fig.10 Relationship between expressions of cytokines and CD80 in bovine 
peripheral blood dendritic cells before and after parturition.   
The correlations between the expressions of IL-12a, IFN-γ, IL-4, TGF-β 
and IL-6 and the percentages of co-stimulatory molecule CD80 were shown 
in dendritic cells after the negative and positive selection. *: p<0.05, **: 
p<0.01 
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A novel method for the purification of the CD172a+/CD11c+ DCs with high 
expression of MHC class II at 84.8% purity from bovine PBMC by using 
MACS was successfully established in this study. The individual differences 
existed in the expressions of CD205, CD80 and CD86 molecules on DCs. 
The BS-feeding significantly increased the proportion of CD172a +/CD11c+ 
DCs and CD80 positive DCs in the peripheral blood one month after 
parturition compared with that before parturition. The TGF-β expression of 
DCs in the control-feeding group after parturition was significantly higher 
than that before parturition. In DCs of the BS-feeding group after parturition, 
there was a strong negative correlation between the expression of TGF -β and 
the co-stimulatory factor CD80 molecule expression, and there were  also 
positive correlations between the expressions of IL-12a and IL-6 and the 
CD80 expression.  
These results suggested that the BS-feeding prevented the cattle from 
mastitis by increasing the proportion of DCs in bovine peripheral blood, and 
that the Bacillus subtilis C-3102 strain changed the surface markers and the 
cytokine production in DCs. These data also indicate that DCs of the BS -
feeding group may have the ability to lead naive T cells to cell-mediated 
immunity involved in the removal of bacteria (Fig.11). 
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Figure 11 
 
 
 
 
 
 
 
Fig.11 Differentiation induction and function of T helper cells  
DCs collect and process antigens for presentation to T cells, and differ in 
the regulatory signals they transmit, directing T cells to different types of 
immune response or to tolerance. 
 
 
   
 
 
 
 
 
Acknowledgements 
 
 
 
 
 74 
This dissertation is the work of joint efforts from many people, and here I 
would like to express my deepest gratitude to them.  
First and foremost, I would like to express my heartfelt thanks to Prof . 
Hisashi ASO, my academic supervisor, from whom I have learned so much, 
and whose inspiring instruction and patience as well as the careful 
modification to my dissertation have proved invaluable. Then to Prof. 
Masaaki TOYOMIZU, Kentaro TANEMURA, Assoc. Prof. Tomonori NOCHI, 
and Assoc. Prof. Hitoshi SHIRAKAWA for their advice and guidance, which 
have greatly contributed to the completion of this dissertation.  
I would like to express my thanks to Mrs. Megumi URAKAWA, for her 
instruction to carry out my research task, and for her practical advice to 
overcome difficulties concerning experiments.  
Also, I would like to express my thanks to all members in Laboratory of  
Functional Morphology for providing a supportive and friendly atmosphere 
to study here. I really enjoy wonderful studying times with you and keep  
memories forever. 
I also would like to thank to everyone who I met here, they made my life 
enriched and interesting in Japan.  
Without everyone’s support, this dissertation can’t be accomplished. Thus, 
this paper is rather a common possession than a private work.  
Finally, I should thank my family and my friends  for their love and 
friendship. 
  
 75 
Reference 
 
Akbari, O., DeKruyff, R. H. and Umetsu, D. T. (2001) 'Pulmonary dendritic 
cells producing IL-10 mediate tolerance induced by respiratory 
exposure to antigen', Nature Immunology, 2(8), pp. 725-731. 
Banchereau, J. and Steinman, R. M. (1998) 'Dendritic cells and the control 
of immunity', Nature, 392(6673), pp. 245-252. 
Bonifaz, L., Bonnyay, D., Mahnke, K., Rivera, M., Nussenzweig, M. C. and 
Steinman, R. M. (2002) 'Efficient targeting of protein antigen  to the 
dendritic cell receptor DEC-205 in the steady state leads to antigen 
presentation on major histocompatibility complex class I products 
and peripheral CD8(+) T cell tolerance', Journal of Experimental 
Medicine, 196(12), pp. 1627-1638. 
Carreno, B. M., Bennett, F., Chau, T. A., Ling, V., Luxenberg, D., Jussif, J., 
Baroja, M. L. and Madrenas, J. (2000) 'CTLA-4 (CD152) can inhibit 
T cell activation by two different mechanisms depending on its level 
of cell surface expression', Journal of Immunology, 165(3), pp. 
1352-1356. 
Carter, L. L. and Carreno, B. M. (2003) 'Cytotoxic T-lymphocyte antigen-4 
and programmed death-1 function as negative regulators of 
lymphocyte activation', Immunologic Research, 28(1), pp. 49-59. 
Cools, N., Ponsaerts, P., Van Tendeloo, V. F. I. and Berneman, Z. N. (2007) 
'Balancing between immunity and tolerance: An interplay between 
dendritic cells, regulatory T cells, and effector T cells', Journal of 
 76 
Leukocyte Biology, 82(6), pp. 1365-1374. 
Coquerelle, C. and Moser, M. (2010) 'DC subsets in positive and negative 
regulation of immunity', Immunological Reviews, 234, pp. 317-334. 
De Becker, G., Moulin, V., Tielemans, F., De Mattia, F., Urbain, J., Leo, O. 
and Moser, M. (1998) 'Regulation of T helper cell differentiation in 
vivo by soluble and membrane proteins provided by antigen-
presenting cells', European Journal of Immunology,  28(10), pp. 
3161-3171. 
Debecker, G., Sornasse, T., Nabavi, N., Bazin, H., Tielemans, F., Urbain, J., 
Leo, O. and Moser, M. (1994) 'IMMUNOGLOBULIN ISOTYPE 
REGULATION BY ANTIGEN-PRESENTING CELLS IN-VIVO', 
European Journal of Immunology,  24(7), pp. 1523-1528. 
Denis, M. and Buddle, B. M. (2008) 'Bovine dendritic cells are more 
permissive for Mycobacterium bovis replication than macrophages, 
but release more IL-12 and induce better immune T-cell 
proliferation', Immunology and Cell Biology,  86(2), pp. 185-191. 
Fitzgeraldbocarsly, P. (1993) 'HUMAN NATURAL INTERFERON-ALPHA 
PRODUCING CELLS', Pharmacology & Therapeutics,  60(1), pp. 
39-62. 
Gibson, A., Miah, S., Griebel, P., Brownlie, J. and Werling, D. (2012) 
'Identification of a lineage negative cell population in bovine 
peripheral blood with the ability to mount a strong type I interferon 
response', Developmental and Comparative Immunology,  36(2), pp. 
332-341. 
 77 
Gliddon, D. R., Hope, J. C., Brooke, G. P. and Howard, C. J. (2004) 'DEC-
205 expression on migrating dendritic cells in afferent lymph', 
Immunology, 111(3), pp. 262-272. 
Gonzalez-Cano, P., Arsic, N., Popowych, Y. I. and Griebel, P. J. (2014) 
'Two functionally distinct myeloid dendritic cell subpopulations are 
present in bovine blood', Developmental and Comparative 
Immunology, 44(2), pp. 378-388. 
Greenwald, R. J., Freeman, G. J. and Sharpe, A. H. (2005) 'The B7 family 
revisited',  Annual Review of Immunology Annual Review of 
Immunology. Palo Alto: Annual Reviews, pp. 515-548. 
Hatanaka, M., Nakamura, Y., Maathuis, A. J. H., Venema, K., Murota, I. 
and Yamamoto, N. (2012) 'Influence of Bacillus subtilis C-3102 on 
microbiota in a dynamic in vitro model of the gastrointestinal tr act 
simulating human conditions', Beneficial Microbes, 3(3), pp. 229-
236. 
He, S. X., Zhang, Y., Xu, L., Yang, Y. L., Marubashi, T., Zhou, Z. G. and 
Yao, B. (2013) 'Effects of dietary Bacillus subtilis C-3102 on the 
production, intestinal cytokine expression and autochthonous 
bacteria of hybrid tilapia Oreochromis niloticus female x 
Oreochromis aureus male', Aquaculture, 412, pp. 125-130. 
Heink, S., Yogev, N., Garbers, C., Herwerth, M., Aly, L., Gasperi, C., 
Husterer, V., Croxford, A. L., Moller-Hackbarth, K., Bartsch, H. S., 
Sotlar, K., Krebs, S., Regen, T., Blum, H., Hemmer, B., Misgeld, T., 
Wunderlich, T. F., Hidalgo, J., Oulcka, M., Rose-John, S., Schmidt-
 78 
Supprian, M., Waisman, A. and Korn, T. (2017) 'Trans-presentation 
of IL-6 by dendritic cells is required for the priming of pathogenic 
T(H)17 cells', Nature Immunology,  18(1), pp. 74-85. 
Huang, G. H., Wang, Y. Y. and Chi, H. B. (2012) 'Regulation of T(H)17 cell 
differentiation by innate immune signals', Cellular & Molecular 
Immunology, 9(4), pp. 287-295. 
Hussen, J., Duvel, A., Sandra, O., Smith, D., Sheldon, I. M., Zieger, P. and 
Schuberth, H. J. (2013) 'Phenotypic and Functional Heterogeneity of 
Bovine Blood Monocytes', Plos One, 8(8), pp. 11. 
Jeong, J. S. and Kim, I. H. (2014) 'Effect of Bacillus subtili s C-3102 spores 
as a probiotic feed supplement on growth performance, noxious gas 
emission, and intestinal microflora in broilers', Poultry Science, 
93(12), pp. 3097-3103. 
Jiang, W. P., Swiggard, W. J., Heufler, C., Peng, M., Mirza, A., Steinman, 
R. M. and Nussenzweig, M. C. (1995) 'THE RECEPTOR DEC-205 
EXPRESSED BY DENDRITIC CELLS AND THYMIC 
EPITHELIAL-CELLS IS INVOLVED IN ANTIGEN-PROCESSING', 
Nature, 375(6527), pp. 151-155. 
Joffre, O., Nolte, M. A., Sporri, R. and Sousa, C. R. E. (2009) 
'Inflammatory signals in dendritic cell activation and the induction 
of adaptive immunity', Immunological Reviews, 227, pp. 234-247. 
Kelleher, P. and Knight, S. C. (1998) 'IL-12 increases CD80 expression and 
the stimulatory capacity of bone marrow-derived dendritic cells', 
International Immunology,  10(6), pp. 749-755. 
 79 
Keswani, T., Sarkar, S., Sengupta, A. and Bhattacharyya, A. (2016) 'Role of 
TGF-beta and IL-6 in dendritic cells, Treg and Th17 mediated 
immune response during experimental cerebral malaria', Cytokine, 
88, pp. 154-166. 
Kimura, K., Goff, J. P., Kehrli, M. E. and Harp, J. A. (1999) 'Phenotype 
analysis of peripheral blood mononuclear cells in periparturient 
dairy cows', Journal of Dairy Science,  82(2), pp. 315-319. 
Kimura, K., Goff, J. P., Kehrli, M. E., Harp, J. A. and Nonnecke, B. J. 
(2002) 'Effects of mastectomy on composition of peripheral blood 
mononuclear cell populations in periparturient dairy cows', Journal 
of Dairy Science,  85(6), pp. 1437-1444. 
Kritas, S. K., Marubashi, T., Filioussis, G., Petridou, E., 
Christodoulopoulos, G., Burriel, A. R., Tzivara, A., Theodoridis, A. 
and Piskorikova, M. (2015) 'Reproductive performance of sows was 
improved by administration of a sporing bacillary probiotic (Bacillus 
subtilis C-3102)', Journal of Animal Science,  93(1), pp. 405-413. 
Lanzavecchia, A. and Sallusto, F. (2001) 'The instructive role of dendritic 
cells on T cell responses: lineages, plasticity and kinetics', Current 
Opinion in Immunology, 13(3), pp. 291-298. 
Le Bon, A., Montoya, M., Edwards, M. J., Thompson, C., Burke, S. A., 
Ashton, M., Lo, D., Tough, D. F. and Borrow, P. (2006) 'A role for 
the transcription factor RelB in IFN-alpha production and in IFN-
alpha-stimulated cross-priming', European Journal of Immunology, 
36(8), pp. 2085-2093. 
 80 
Lutz, M. B. and Schuler, G. (2002) 'Immature, semi-mature and fully 
mature dendritic cells: which signals induce tolerance or immunity?', 
Trends in Immunology, 23(9), pp. 445-449. 
MacDonald, K. P. A., Munster, D. J., Clark, G. J., Dzionek, A., Schmitz, J. 
and Hart, D. N. J. (2002) 'Characterization of human blood dendritic 
cell subsets', Blood, 100(13), pp. 4512-4520. 
Maeda, Y., Nishikawa, H., Sugiyama, D., Ha, D., Hamaguchi, M., Saito, T., 
Nishioka, M., Wing, J. B., Adeegbe, D., Katayama, I. and Sakaguchi, 
S. (2014) 'Detection of self-reactive CD8(+) T cells with an anergic 
phenotype in healthy individuals', Science, 346(6216), pp. 1536-
1540. 
Maeda, Y., Ohtsuka, H., Tomioka, M. and Oikawa, M. (2013) 'Effect of 
progesterone on Th1/Th2/Th17 and Regulatory T cell-related genes 
in peripheral blood mononuclear cells during pregnancy in cows', 
Veterinary Research Communications,  37(1), pp. 43-49. 
Martin, E., O'Sullivan, B., Low, P. and Thomas, R. (2003) 'Antigen-specific 
suppression of a primed immune response by dendritic cells 
mediated by regulatory T cells secreting interleukin-10', Immunity, 
18(1), pp. 155-167. 
Maxymiv, N. G., Bharathan, M. and Mullarky, I. K. (2012) 'Bovine 
mammary dendritic cells: A heterogeneous population, distinct from 
macrophages and similar in phenotype to afferent lymph veiled 
cells', Comparative Immunology Microbiology and Infectious 
Diseases, 35(1), pp. 31-38. 
 81 
Megjugorac, N. J., Young, H. A., Amrute, S. B., Olshalsky, S. L. and 
Fitzgerald-Bocarsly, P. (2004) 'Virally stimulated plasmacytoid 
dendritic cells produce chemokines and induce migration of T and 
NK cells', Journal of Leukocyte Biology, 75(3), pp. 504-514. 
Mellman, I. and Steinman, R. M. (2001) 'Dendritic cells: Specialized and 
regulated antigen processing machines', Cell, 106(3), pp. 255-258. 
Michiels, J., Possemiers, S., Degroote, J., Ovyn, A., De Smet, S. and 
Nakamura, N. (2016) 'Feeding Bacillus subtilis C-3102 to sows and 
suckling piglets and to weaned piglets improves parameters of gut 
health and feed:gain ratio in weaners', Journal of Animal Science,  
94, pp. 135-137. 
Miyazawa, K., Aso, H., Honda, M., Kido, T., Minashima, T.,  Kanaya, T., 
Watanabe, K., Ohwada, S., Rose, M. T. and Yamaguchi, T. (2006) 
'Identification of bovine dendritic cell phenotype from bovine 
peripheral blood', Research in Veterinary Science,  81(1), pp. 40-45. 
Noack, M. and Miossec, P. (2014) 'Th17 and regulatory T cell balance in 
autoimmune and inflammatory diseases', Autoimmunity Reviews, 
13(6), pp. 668-677. 
O'Garra, A. and Murphy, K. M. (2009) 'From IL-10 to IL-12: how 
pathogens and their products stimulate APCs to induce T(H)1 
development', Nature Immunology, 10(9), pp. 929-932. 
Odoherty, U., Peng, M., Gezelter, S., Swiggard, W. J., Betjes, M., 
Bhardwaj, N. and Steinman, R. M. (1994) 'HUMAN BLOOD 
CONTAINS 2 SUBSETS OF DENDRITIC CELLS, ONE 
 82 
IMMUNOLOGICALLY MATURE AND THE OTHER IMMATURE', 
Immunology, 82(3), pp. 487-493. 
Onishi, Y., Fehervari, Z., Yamaguchi, T. and Sakaguchi, S. (2008) 
'Foxp3(+) natural regulatory T cells preferentially form aggregates 
on dendritic cells in vitro and actively inhibit their maturation', 
Proceedings of the National Academy of Sciences of the United 
States of America, 105(29), pp. 10113-10118. 
Paibomesai, M., Hussey, B., Nino-Soto, M. and Mallard, B. A. (2013) 
'Effects of parturition and dexamethasone on DNA methylation 
patterns of IFN-gamma and IL-4 promoters in CD4+ T-lymphocytes 
of Holstein dairy cows', Canadian Journal of Veterinary Research-
Revue Canadienne De Recherche Veterinaire,  77(1), pp. 54-62. 
Pomeroy, B., Sipka, A., Klaessig, S. and Schukken, Y. (2015) 'Monocyte -
derived dendritic cells from late gestation cows have an impaired 
ability to mature in response to E-coli stimulation in a receptor and 
cytokine-mediated fashion', Veterinary Immunology and 
Immunopathology, 167(1-2), pp. 22-29. 
Pomeroy, B., Sipka, A., Klaessig, S. and Schukken, Y. (2016) 'Longitudinal 
characterization of bovine monocyte-derived dendritic cells from 
mid-gestation into subsequent lactation reveals nadir in phenotypic 
maturation and macrophage-like cytokine profile in late gestation', 
Journal of Reproductive Immunology,  118, pp. 1-8. 
Qureshi, O. S., Zheng, Y., Nakamura, K., Attridge, K., Manzotti, C., 
Schmidt, E. M., Baker, J., Jeffery, L. E., Kaur, S., Briggs, Z., Hou, T. 
 83 
Z., Futter, C. E., Anderson, G., Walker, L. S. K. and Sansom, D. M. 
(2011) 'Trans-Endocytosis of CD80 and CD86: A Molecular Basis 
for the Cell-Extrinsic Function of CTLA-4', Science, 332(6029), pp. 
600-603. 
Reid, E., Juleff, N., Gubbins, S., Prentice, H., Seago, J. and Charleston, B. 
(2011) 'Bovine Plasmacytoid Dendritic Cells Are the Major Source 
of Type I Interferon in Response to Foot-and-Mouth Disease Virus In 
Vitro and In Vivo', Journal of Virology, 85(9), pp. 4297-4308. 
Renjifo, X., Howard, C., Kerkhofs, P., Denis, M., Urbain, J., Moser, M. and 
Pastoret, P. P. (1997) 'Purification and characterization of bovine 
dendritic cells from peripheral blood', Veterinary Immunology and 
Immunopathology, 60(1-2), pp. 77-88. 
Robertson, S. A., Mau, V. J., Tremellen, K. P. and Seamark, R. F. (1996) 
'Role of high molecular weight seminal vesicle proteins in eliciting 
the uterine inflammatory response to semen in mice', Journal of 
Reproduction and Fertility,  107(2), pp. 265-277. 
Sakaguchi, S., Sakaguchi, N., Asano, M., Itoh, M. and Toda, M. (1995) 
'IMMUNOLOGICAL SELF-TOLERANCE MAINTAINED BY 
ACTIVATED T-CELLS EXPRESSING IL-2 RECEPTOR ALPHA-
CHAINS (CD25) - BREAKDOWN OF A SINGLE MECHANISM OF 
SELF-TOLERANCE CAUSES VARIOUS AUTOIMMUNE-
DISEASES', Journal of Immunology, 155(3), pp. 1151-1164. 
Schumacher, A., Wafula, P. O., Teles, A., El-Mousleh, T., Linzke, N., 
Zenclussen, M. L., Langwisch, S., Heinze, K.,  Wollenberg, I., 
 84 
Casalis, P. A., Volk, H. D., Fest, S. and Zenclussen, A. C. (2012) 
'Blockage of Heme Oxygenase-1 Abrogates the Protective Effect of 
Regulatory T Cells on Murine Pregnancy and Promotes the 
Maturation of Dendritic Cells', Plos One, 7(8), pp. 13. 
Schwartz, R. H. (1990) 'A CELL-CULTURE MODEL FOR 
LYMPHOCYTE-T CLONAL ANERGY', Science, 248(4961), pp. 
1349-1356. 
Sei, J. J., Ochoa, A. S., Bishop, E., Barlow, J. W. and Golde, W. T. (2014) 
'Phenotypic, Ultra-Structural, and Functional Characterization of 
Bovine Peripheral Blood Dendritic Cell Subsets', Plos One, 9(10), 
pp. 17. 
Shortman, K. and Liu, Y. J. (2002) 'Mouse and human dendritic cell 
subtypes', Nature Reviews Immunology,  2(3), pp. 151-161. 
Siegal, F. P., Kadowaki, N., Shodell, M., Fitzgerald-Bocarsly, P. A., Shah, 
K., Ho, S., Antonenko, S. and Liu, Y. J. (1999) 'The nature of the 
principal type 1 interferon-producing cells in human blood', Science, 
284(5421), pp. 1835-1837. 
Song, X. Y., Gao, H. C. and Qian, Y. C. (2014) 'Th17 Differentiation and 
Their Pro-inflammation Function', in Sun, B. (ed.) T Helper Cell 
Differentiation and Their Function Advances in Experimental 
Medicine and Biology. Berlin: Springer-Verlag Berlin, pp. 99-151. 
Steinman, R. M. (1991) 'THE DENDRITIC CELL SYSTEM AND ITS 
ROLE IN IMMUNOGENICITY', Annual Review of Immunology,  9, 
pp. 271-296. 
 85 
Steinman, R. M. and Cohn, Z. A. (1973) 'IDENTIFICATION OF A NOVEL 
CELL TYPE IN PERIPHERAL LYMPHOID ORGANS OF MICE', 
Journal of Experimental Medicine,  137(5), pp. 1142-1162. 
Tafuri, A., Alferink, J., Moller, P., Hammerling, G. J. and Arnold, B. (1995) 
'T-CELL AWARENESS OF PATERNAL ALLOANTIGENS DURING 
PREGNANCY', Science, 270(5236), pp. 630-633. 
Thomas, R., Davis, L. S. and Lipsky, P. E. (1993) 'ISOLATION AND 
CHARACTERIZATION OF HUMAN PERIPHERAL-BLOOD 
DENDRITIC CELLS', Journal of Immunology,  150(3), pp. 821-834. 
VanGool, S. W., Vandenberghe, P., DeBoer, M. and Ceuppens, J. L. (1996) 
'CD80, CD86 and CD40 provide accessory signals in a multiple-step 
T-cell activation model', Immunological Reviews, 153, pp. 47-83. 
Wing, K., Onishi, Y., Prieto-Martin, P., Yamaguchi, T., Miyara, M., 
Fehervari, Z., Nomura, T. and Sakaguchi, S. (2008) 'CTLA-4 control 
over Foxp3(+) regulatory T cell function', Science, 322(5899), pp. 
271-275. 
Zenclussen, A. C. (2013) 'Adaptive Immune Responses During Pregnancy', 
American Journal of Reproductive Immunology,  69(4), pp. 291-303. 
浦川めぐみ , 佐藤勝祥 , 板谷奈波 , 佐藤秀俊 , 芦田延久 , 今林寛和 , 渡
邊康一 , 野地智法 , 麻生久 . 乳房炎発症牛への枯草菌給与にお
ける血中樹状細胞の動態 . 第 117 回日本畜産学会 , 2013. 
